Summary. Non-lactating female tammars were pinealectomized (N = 5) or sham\x=req-\ operated (N = 6) in October, during the austral period of increasing daylength. After autopsy in February the completeness of pinealectomy was assessed by histological examination of the epithalamic region. Pinealectomy, but not the sham-operation, abolished the nocturnal rise in plasma melatonin but weekly plasma prolactin concentrations were similar in both groups from October to February. Plasma progesterone concentrations remained low (< 160 pg/ml) in both groups until after the summer solstice in December, when there was a 2\p=n-\4-foldincrease ( > 300 pg/ml) by late January, indicating reactivation of the quiescent corpus luteum. The mean date of birth or oestrus for the pinealectomized tammars was January 11 \m=+-\ 4 \ m= . \ 8 days (s.e.m.), and for the sham-operated tammars January 24 \m=+-\5\m=.\1 days. These results demonstrate that the pineal is not necessary for the maintenance of seasonal quiescence or to induce reactivation of the corpus luteum at the start of the normal breeding season after the summer solstice.
Introduction
Although many studies have demonstrated a role of the pineal gland and its hormone melatonin in seasonal reproduction of eutherian mammals (Reiter, 1974;  Kennaway, 1984) , there is relatively little evidence for a similar role in marsupials. To date this has only been examined in one marsupial, the tammar.
The tammar is native to southern Australia and photoperiod appears to regulate the annual breeding cycle: 80% of the females give birth in the summer months of January and February after reactivation of a quiescent corpus luteum (CL) and blastocyst (Renfree & Tyndale-Biscoe, 1973) . This may be a response to decreasing daylength after the summer solstice in December, because a decrease in daylength from 15 h light:9 h dark (15L:9D) to 12L:12D at the vernal equinox induced reactivation in non-lactating animals within 2-9 days (Sadleir & Tyndale-Biscoe, 1977) . Oestrus and ovulation occur within 2 days of birth (Sutherland, Evans & Tyndale-Biscoe, 1980) and the newly formed CL and blastocyst enter quiescence in response to sucking by the pouch young. Removal of the pouch young before the winter solstice in June reactivates the CL and blastocyst, and the females are therefore said to be in lactational quiescence during the period of decreasing daylength. After the winter solstice, however, removal or weaning of the pouch young is ineffective and this seasonal quiescence persists during the period of increasing daylength.
Both lactational and seasonal quiescence are due to suppression of luteal growth by the pituitary, because hypophysectomy at either time of year causes the CL to be reactivated (Hearn, 1973 (Hearn, , 1974 ). Prolactin appears to be the hormone responsible, as daily prolactin injections after removal of the pouch young in lactational quiescence, or after hypophysectomy in seasonal quiescence, delayed reactivation for the duration of the treatment (Tyndale-Biscoe & Hawkins, 1977) and plasma prolactin concentrations are elevated in seasonal quiescence (Tyndale-Biscoe & Hinds, 1984) . Prolactin may also be involved in the response of the tammar to photoperiod change. After a decrease from 15L:9D to 12L:12D plasma prolactin concentrations declined to basal levels within 14 days, and plasma progesterone concentrations increased, indicating a resumption of luteal activity (Hinds & den Ottolander, 1983) .
Renfree, Lincoln, Almeida & Short (1981) . Sensitivity of the assay was 23-5 + 10-6pg/tube, and the intra-and inter-assay coefficients of variation were 10% and 17% respectively. Progesterone concentrations were determined by the radioimmunoassay validated for the tammar by Sernia, Hinds & Tyndale-Biscoe (1980) (1982) . Sensitivity of the assay was 3 ng/ml and the intra-and inter-assay coefficients of variation were 8% and 12% respectively. 
Histology
Examination of the sections of the epithalamic region revealed that the pineal had been completely removed in all but one of the 6 tammars subjected to the pinealectomy procedure. This animal was excluded from all post-operative analyses. In the 6 surviving sham-operated tammars the pineal was present.
Melatonin profiles
Before surgery plasma melatonin concentrations were elevated during the night in each of the tammars (Text-fig. la Harris, 1975, p. 13) . No significant differences were found between the preoperative concentrations in September and those of the pinealectomy group in November.
Progesterone profiles
In the pinealectomized and the sham-operated tammars plasma progesterone concentrations remained low (< 160 pg/ml) until after the summer solstice (Text- fig. 4 fig. 4 ). The pinealectomized tammars gave birth (N = 2) or dis¬ played oestrus (N = 3) between 30 December and 22 January (Jan. 11 +4-8 days, mean + s.e.m.). The sham-operated tammars gave birth (N = 1) or displayed oestrus (N = 5) from 31 December to 4 February (Jan. 24 ± 51 days). The mean ± s.e.m. interval from pinealectomy to birth or oestrus (87-8 ± 4-9 days) was significantly less than the interval from sham-operation to birth or oestrus (103-8 ± 2-3 days, < 005, Student's t test for independent samples). However, the distribution of births recorded in this small group of animals is within the range observed in intact animals on Kangaroo Island, South Australia (Sadleir & Tyndale-Biscoe, 1977) and in the captive colony at CSIRO Division of Wildlife & Rangelands Research, Canberra. Discussion This study has shown that the nocturnal increase in plasma melatonin concentrations is of pineal origin in the tammar because it was abolished by pinealectomy. However, there may be another source of melatonin in the tammar, because basal plasma concentrations were still detected in two pinealectomized tammars during both the light and dark phases (Text-fig. lb ). Melatonin has also been measured by radioimmunoassay in the plasma of rats (Ozaki & Lynch, 1976) and ewes (Kennaway, Frith, Phillipou, Matthews & Seamark, 1977) after pinealectomy, while the presence of a 24-h rhythm in retinal melatonin content of pinealectomized rats (Yu, Pang & Tang, 1981) suggests that other tissues may contribute to the plasma melatonin pool. The persistence of the nocturnal elevation of plasma melatonin in the sham-operated tammars demonstrates that the sham procedure did not interfere with the circadian pattern of melatonin synthesis so, in terms of this indole, the pineal remained functional.
Renfree et al. (1981) reported that, in tammars ganglionectomized between March and May, the loss or removal of their pouch young in July-August induced immediate reactivation of the corpus luteum, resulting in birth 27-28 days later. This effect was attributed to denervation of the pineal gland, as the nocturnal melatonin rise was abolished, and may have been due to suppression of the seasonal rise in prolactin secretion. In the present study, pinealectomy did not abolish seasonal quiescence: the plasma progesterone profiles showed that the corpora lutea of all the pinealectomized and sham-operated tammars remained quiescent until reactivation in late December-January, and birth/oestrus occurred at the start of the normal breeding season. These results demonstrate that removing the pineal did not affect the maintenance of seasonal quiescence after October or the subsequent reactivation of the corpus luteum and blastocyst at the start of the next breeding season. The weekly prolactin profile failed to reveal an effect of pinealectomy, although these samples were taken between 09:00 and 11:00 h, when the 24-h profile indicated that there were no significant differences (Text-fig. 3 ). However, since in a detailed study by Hinds & Tyndale-Biscoe (1985) there was no consistent pattern of prolactin secretion in one non-lactating and 5 lactating tammars sampled hourly over 28 h and at 6 different times of year, the significance of the differences in the 24-h prolactin profile for samples collected only at 4-h intervals must be viewed with caution. This study has therefore been unable to demonstrate any direct relationship between plasma prolactin concentrations during seasonal quiescence and the role of the pineal in reproduction in the tammar.
The persistence of seasonality after pinealectomy or ganglionectomy has been described for a variety of mammals, including the ewe (Roche, Karsch, Foster, Takagi & Dziuk, 1970) , ferret (Herbert, Stacey & Thorpe, 1978) , mare (Sharp, Vernon & Zavy, 1979; Grubaugh et al., 1982) and white-tailed deer (Snyder, Cowan, Hagan & Schanbacher, 1983) , and in the absence of pinealmediated information, environmental cues, social cues or endogenous factors may regulate seasonality. However, since the results of the ganglionectomy study by Renfree et al. (1981) suggested that the pineal alone initiates seasonal quiescence, the differences in the effects of ganglio¬ nectomy and pinealectomy in the tammar may be due to inherent differences in the two surgical procedures. Although the neuroendocrine sequelae of pinealectomy and ganglionectomy are reportedly different (see Cardinali, Vacas & Gejman, 1981) , other studies have demonstrated similarities in their effects on reproduction (Herbert, 1968 (Herbert, , 1969 Reiter & Hester, 1966) . If the latter is also true for the tammar then, as with the differences in the response to bromocriptine at different times of year (Tyndale-Biscoe & Hinds, 1984) , the apparent differences between ganglio¬ nectomy and pinealectomy may indicate that the response to loss of pineal-mediated information differs in lactational and seasonal quiescence.
Previous studies suggest that the experience of increasing daylength may initiate seasonal quiescence. Tammars in which the blastocyst was reactivated by a decrease in daylength continued to cycle after their pouch young were removed when maintained on static daylength (Hinds & den Ottolander, 1983 ), but others failed to do so when exposed to ambient increasing daylength (McConnell & Tyndale-Biscoe, 1985) . If this inhibition is pineal-mediated, then the tammars ganglionectomized in March-May (before the change to increasing daylength after the winter solstice in June) would not have detected this change, and so failed to show seasonal quiescence. Alternatively those pinealectomized in October had already been exposed to increasing daylength and so displayed seasonal quiescence. This therefore suggests that, after seasonal quiescence is initiated by the pineal, it is no longer required to maintain quiescence, or for reactivation of the corpus luteum at the start of the breeding season, and so other endogenous or exogenous factors must be capable of imposing seasonality. Further investigations are required to discriminate between these alternatives, by comparing the effects of pinealectomy with ganglionectomy at different times of the year and to determine the importance of endogenous factors or extra-pineal photosensitivity for the persistence of seasonality after pinealectomy.
